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REMARKS 

Claims 6-9 and 11-19 are pending in the present application. Replacement 
claims 6, 11 and 16 have been presented herewith. 

Objection to Amendment 

The Amendment filed October 31, 2002, has been objected to under 35 U.S.C. 
132 as allegedly introducing new matter into the disclosure. The Examiner has 
asserted that the amended material "the contact hole 52 and wiring 54 connect to the 
gate" must be canceled. 

Although Applicant does not necessarily concede that the above noted material 
constitutes new matter, the paragraph beginning on page 13, line 12 of the specification 
has been amended to delete reference to previously presented proposed Fig. 1(i), 
which has been cancelled. Accordingly, the Examiner is respectfully requested to 
withdraw the objection to the Amendment under 35 U.S.C. 132, for at least the above 
reasons. 

Drawings 

The proposed drawing correction as filed on October 31 , 2002, has been 
disapproved under 37 C.F.R. 1 .121 (a)(6), as allegedly introducing new matter into the 
drawings. The Examiner has asserted that the original disclosure does not support the 
showing of "the contact holes 52 and the connecting wire 54 are directly on the gate". 
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Although Applicant does not necessarily concede that the above noted material 
constitutes new matter, previously submitted Fig. 1(i) has been canceled. Accordingly, 
the Examiner is respectfully requested to withdraw this objection to the drawings. 

The drawings have also been objected to under 37 C.F.R. 1.83(a), as failing to 
show every feature of the invention specified in the claims. The Examiner has required 
that the insulating layer, the contact hole and the connecting wire be shown, or that 
these features be canceled from the claims. This objection, insofar as it may be 
applicable with respect to the application in view of this Amendment, is respectfully 
traversed for the following reasons. 

Independent claims 6, 11 and 16 have each been respectively amended to 
feature "an insulating layer, a contact hole and a connecting wire formed above a 
surface of the substrate". 

As described on page 1 3 of the original specification, after side-wall 37 is formed 
by anisotropic etching as shown in Fig. 1(h), an insulating layer, a contact hole and 
aluminum wiring is conducted by a normal process, to thus complete the MOSFET. 
Clearly, these features including the insulating layer, the contact hole and the 
connecting wire are formed above a surface of substrate 31 as illustrated in Fig. 1(h), 
and clearly are features that are necessary to complete manufacture of the 
semiconductor device. The provision of these features as above the substrate is 
apparent, and is clearly supported and described on page 13 of the original 
specification, as noted above. 
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Applicant respectfully submits that claims 6, 1 1 and 16 as amended should be 
considered in compliance with 35 U.S.C. 132, because page 13 of the original 
specification clearly supports forming an insulating layer, a contact hole and aluminum 
wiring above the surface of the substrate. 

From the standpoint of 37 C.F.R. 1 .83(a), Applicant respectfully submits that the 
insulating layer, the contact hole and the aluminum wiring as above the surface of the 
substrate is claimed in a broad sense, and that these features should be considered in 
a general sense as inherent in Fig. 1 (h) of the application. In other words, one of 
ordinary skill would readily understand that these features are generally above the 
surface of substrate 31 of Fig. 1(h), and inherent as part of the completed MOSFETS. 

Accordingly, Applicant respectfully submits that the drawings should be 
considered as in compliance with 37 C.F.R. 1.83(a). If this particular objection to the 
drawings is to be maintained, any comments offered by the Examiner regarding 
proposed corrections to Fig. 1(h) that would be acceptable to show the insulating 
layer, the contact hole and the aluminum wiring as supported on page 13 of the 
ori ginal specification, would be greatly appreciated. 

Claim Rejections-35 U.S.C. 102 

Claims 6-9 and 11-19 have been rejected under 35 U.S.C. 102(b) as being 
clearly anticipated by the Yoo et al. reference (U.S. Patent No. 5,605,853). This 
rejection is respectfully traversed for the following reasons. 
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As emphasized in the Remarks section of the Amendment dated October 31 , 
2002, floating gate 21 in Figs. 2-7 of the Yoo et al. reference cannot be formed directly 
on field oxide (FOX) layer 12, and thus cannot be interpreted as the protective layer of 
claim 6 for example. Particularly, layer 21 of the Yoo et al. reference is merely 
described as a floating gate oyer FOX layer 12 (see column 3, lines 15-17). 

It should be understood that to function, a floating gate in theory must 
necessarily exchange charges with a diffusion layer formed in the surface of a 
semiconductor substrate. Thus, the floating gate must typically be formed on a 
relatively thin insulating layer, such as a tunnel oxide layer, so that exchange of charges 
between the diffusion layer and the floating gate may occur. Floating gates generally 
are not formed on a FOX layer, because exchange of charges between the floating 
gate and a corresponding semiconductor substrate through the relatively thick FOX 

layer would not occur. 

In order to emphasize this point, enclosed as of interest is an I.E.E.E. Electron 
Device Letters publication by Haddad et al., specifically concerning flash memory cells. 
As described in the first column on page 1 17 of the publication, the gate oxide used is 
less than 120A thick and the erasure mechanism is dominated by Fowler-Nordheim (F- 
N) tunneling. Accordingly, it should thus be understood by one of ordinary skill that in 
order to perform writing and deletion by means of F-N tunneling in flash memory cells, it 
is necessary to use a gate oxide having a thickness of approximately 120A. 
Particularly, if the gate oxide is too thick, it is impossible to inject and emit electrons 
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through the gate oxide into the floating gate by means of F-N tunneling. 

The Mizutani reference (U.S. Patent No. 4,637,128) is also enclosed as of 
interest, in an effort to further emphasize this point. As described beginning in column 
4, line 57 of the Mizutani reference, after the ion implantation step, a field insulation 
layer 60 having a thickness of 6000A is formed, as shown in Fig. 4D. In contrast, as 
described in column 5, lines 14-18 of the Mizutani reference, a thermal oxide film 66 is 
formed to be so thin so as to be generally removed in the patterning step of the poly-Si 
layer, but is not removed at the portion below the floating gate electrode 68. That is, a 
relatively thin oxide layer is formed under the floating gate, as opposed to the relatively 
thicker field oxide layer. Thus, it should be understood that floating gate electrodes in 
general are formed on relatively thin gate oxides, as opposed to relatively thick field 
oxide layers. 

The Examiner has asserted in the Response to Arguments section on page 7 of 
the Final Office Action dated January 10, 2003, that one of ordinary skill should 
conclude "without any reasonable doubt" that layer 21 of the Yoo et al. reference is 
formed on FOX layer 12. However, as emphasized previously and as evidenced by the 
enclosed references submitted as of interest, functional floating gates are typically 
formed on relatively thin gate oxides of approximately 120A, not relatively thick field 
oxides. Contrary to the Examiner's assertion, Applicant respectfully submits that one of 
ordinary skill would thus understand that floating gate 21 in Figs. 2-7 of the Yoo et al. 
reference cannot be formed on FOX layer 12 and be a functional floating gate. It 
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consequently follows that it cannot be concluded "without any reasonable doubt" that 
layer 21 of the Yoo et al. reference is formed on FOX layer 12, as asserted by the 
Examiner. Again, it is emphasized that floating gate 21 of the Yoo et al. reference is 
merely described as formed over FOX layer 12. 

Accordingly, Applicant respectfully submits that because floating gate 21 of the 
Yoo et al. reference cannot be formed on FOX layer 12 and thus cannot be interpreted 
as the protective layer of the claims, the semiconductor devices of respective 
independent claims 6,11 and 1 6 distinguish over the Yoo et al. reference as relied 
upon by the Examiner. This rejection of claims 6-9 and 1 1-19 is therefore improper for 
at least these reasons, in addition to the reasons as set forth in the Amendment dated 
October 31, 2002. 

Conclusion 

The Examiner is respectfully requested to reconsider and withdraw the 
corresponding objections and rejection, and to pass the claims of the present 
application to issue, for at least the above reasons. 

In the event that there are any outstanding matters remaining in the present 
application, please contact Andrew J. Telesz, Jr. (Reg. No. 33,581) at (703) 715-0870 
in the Washington, D.C. area, to discuss these matters. 

Pursuant to the provisions of 37 C.F.R. 1.17 and 1.136(a), the Applicant hereby 
petitions for an extension of one (1) month to May 10, 2003 for the period in which to 
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file a response to the outstanding Final Office Action. The required fee of $1 10.00 is 

attached hereto. 

If necessary, the Commissioner is hereby authorized in this, concurrent, and 
future replies, to charge payment or credit any overpayment to Deposit Account No. 50- 
0238 for any additional fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; 
particularly, extension of time fees. 
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VOLENTINE FRANCOS, P.L.L.C. 
12200 Sunrise Valley Drive, Suite 150 
Reston, Virginia 20191 
Telephone No.: (703) 715-0870 
Facsimile No.: (703) 715-0877 

Enclosures: Version with Marked-Up Changes 
Copy of Mizutani Patent 
Copy of IEEE Publication 



Respectfully submitted, 



VOLENTINE FRANCOS, P.L.L.C. 



Andrew J. Telesz, Jr. 
Registration No. 33,581 
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SION WITH MARKED-UP CHANGES 



Additions/Deletions to the Specification: 
Page 13, lines 12-17: 

Thereafter, the side-wall 37 is formed by implementing the anisotropic etching 
such as the RIE with respect to the oxide layer 36 (FIG. 1 (h)). Then, the insulating 
layer [Sofand the contact [holes'52T hole are formed, and the aluminum wiring J54f is 
conducted by the normal processes, thus completing the MOSFET [(FIG. 1(i))]. 

Additions/Deletions to the Claims: 

6. (Four Times Amended) A semiconductor device comprising: 

first and second gates formed on active regions of a substrate, said first and 
second gates each consisting of a refractory metal layer on a polysilicon layer; 

a field oxide formed on the substrate between said first and second gates; 

side walls formed on side surfaces of said first and second gates, said side walls 
being a silicon oxide film; 

a protective layer formed selectively on said field oxide to prevent overetching of 
said field oxide, said protective layer being a material different than said field oxide; and 

an insulating layer [formed on the substrate, said first and second gates, said 
side walls, said field oxide and said protective layer;]^ contact [holes] hole [formed 
through said insulating layers and a connecting wire [coupled to said first and second 
gates through said contact holes] formed above a surface of the substrate . 
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1 1 . (Twice Amended) A semiconductor device comprising: 

a gate formed on an active region of a substrate; 

a field oxide formed on the substrate adjacent the active region; 

a protective layer formed on said field oxide to prevent overetching of said field 
oxide, said protective layer being a material different than said field oxide; and 

an insulating layer [formed on the substrate including said gate, said field oxide 
and said protective layer;], a contact hole [formed through said insulating layer;], and a 
connecting wire [coupled to said gate through said contact hole] formed above a 
surface of the substrate , 

said protective layer being formed on said field oxide only. 

16. (Twice Amended) A semiconductor device comprising: 

a gate formed on an active region of a substrate, said gate consisting of a 

refractory metal layer on a polysilicon layer; 

side walls formed on side surfaces of said gate, said side walls being a silicon 

oxide film; 

a field oxide formed on the substrate adjacent the active region; 

a protective layer formed on said field oxide to prevent overetching of said field 
oxide, said protective layer being a material different than said field oxide; and 

an insulating layer [formed on the substrate, said gate, said side walls, said field 
oxide and said protective layer;], a contact hole [formed through said insulating layer;], 
and a connecting wire [coupled to said gate through said contact hole] formed above a 
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surface of the substrate . 

said protective layer being formed on said field oxide only. 
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. T7LASH memory has recendy emerged 

r im^^t nonvolatile memory which combine* the advan- 

' ) Jagc^tfEPROM density wit* EEPROM el~^ 
' ProgrWxung of too cell U ^chiov-d by b^^ 00 ,"^ 
at £ c d™in «a ws<>« is usually aecoirmushed by 
electron tunneling from the floating gate to «th« the dnut i gj 
or the source £13> P]. However, due to the presence of high 

- voltage at the g»ted-<^jWoa daring 
Inevitably generated by band-to-band tunneling W end a small 
amauet of th«n' are injected into the oxide after being 
accented in the depletion legion- Hot-hole injection during 
erasure has been reported to cause variations in the erased 
threshold plages of the oils in the B»moty **«a> [1]. and 
trapped holes to the oxide were shown to degrade the charge- 

, retention characteristics of the memory cells (5]> However, fto 

- work has been reported on tbe effect of hole trapping on the 
prograounabiliry of the flash cell when erasing is don* at the 
drain. In this work this ftffcei i* studied and the degradation in 
progranamabiiiry is characterized- Since hole trapping ax oxide 
is known to altei the tunneling characteristics Of the oxide (6), 

' 17] we have devised a .method 10 compare holt trapping 
''.) produced by FeWler-Nordheim (F-N) tunneling with that 
~ produced by hot-hole injection. Results clearly demonstrate 
that o»de hole trapping in flash structures is indeed attribut- 
able to the externally injected hot holes. 

The flash cell used In this werk haa a structure very similar 
' to that of a conventional stacked-gate EPROM cell. The 
channel length is about 1 long and the S/D arsenic 
. diffusion is about 0.25 deep. )He gate oxide used Js less 
than 120 A thick and the erasure mechanism is dominated by 
f-h nnneUna PI- * F, 8. W ,:hrte de programming curves 
arc presented for a fresh cell, for ihe cell electrically erased 

T?2S?£ "hTaov^ Micro Dcv,c.. Inc., u^U. 




_ ' faffK - « 12 V) » fresh ceU (e»lid) t 

( jde etasuic 

from the source, and for another cell electrically erased from 
the drain. It shows significant degradation in the programme 
baity Pf the cell that has U*n «~>ed free* the dram «de. Fig • 
1 W shows the programmed and erased threshold voltages as A • 
function of the number of program/erase (?/E) cycles for a cell 
erased from the source and another erased from the drain, fig. 
1£M elearly sho^a Ac programming .threshold voltaee is 

r^L* ate cr**u« M *"» »■ 

the prograrnming virdow continues to dose. Mo degradation 
in the progranunabillcy is observed after erasure from the 
source. We believe that the degrad&UOD in prvgianunAbdity « 
caused by hole trapping in the o*ide. 

Te d«r»*n*r*te hole trappir& in the oxide as a result of 
high-voltage erasure, poly gate transistors with similar gate 
oxide thickness and junction profile to the flash cell were used 
to monitorthe hot^xuon-scociwed -^^Uc^cn, ^d the 
Mtcd-diode leakage current before and after the high-voltage 
. .Stress. The stress performed by «rppJyins ? 
voltage of U.5 V to the drain junction (or 10 * *hQ* the gate 
and substrate **re gjrounded wim <he source left floating. F>g. 
2G0 show* rtie Aubatmt* euxrent u » function of «he gate 
votuEC for V D « 4.V, before and after the stress. Tho 
substrate current becomes lou,er after th* stress due to a 
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dfc^rb U used 5a This work as a monitor of ^-amount of 

^f^^-S^ to* the oxide. 
K W %^holX^ flash erasure. However 

"St c Sum is hole generation by impact 
another F _ N ^jing itself [91. «m>^ 

°^r^c^SoM erasure. The gate disturb test 
t0 ^l2^1mp2c^itive charge uappihg * Ac o*de 
STSrt r«S?5ff that uring EEPROM-typc «xj- 
^y^SSS erww * «8adve voltage pulse (-16 V) 
F° £ rlT^P^aoS-^tc, while the source junction is kept 
I ?Cf jSTSi i V>. The ^ voltage * low 
at a K»" _ . „ wWlftdectxon-oiMibbng still 



elSnS - &t dram and sou** -"^^^dy at the gate-source overlap °» 

™ ^™*iv oodmsted. The drain junction can be ^^L^d^ne flash craaurt >5 exercised by applying a 

SlISn^-lUB. (U V) t» flu source vUnfa* JP» 

the Sal floating Fig. 3 
5cS of ibe flash ccU versus the erase ume uug 4^ 
Afferent erase conditions mentioned above. For both 
SJSL^ed is control by ^T^SSgS? 
w!rc choLoTwb *-r the oxide field during the 
• 7<£l i« ttlthtlV larfier than that for the flash erasure. 
SSI Tor 0 ens- S tunneling-inducec hole 

i^Udon in the OXKJC 10, A. H£P ROM- type « no 

less than that in the flash erasure. A -.v, 

— *• disturb after BBPROM •ndM 



eliminated and, furtnermore. w *» — — ~~ * 

2TS fcdependendy opoWed- The ^ 

OTfixanuning, and the source jObctfon can be graded (for 
25T^*»B a double-diffused junction) to 
^on field U A fl«h ^11 ^.ng dv» «-«g. 

Ihich **s first proposed by Ea» ct ^^lt\SX 
foJJowinc -«udy to determine the origin of the trapped boles m 
the oxide during the erase cycle. 

It Stnown tL hole trapping inside the erido 
barrier for elccuon eanneliftg M- Tbic barrier louring effect 
JuTTead to the so-called "ptD disturb'' P^om for 
memo" a^y. Gate disturb refers to the undc^rcd m cre«etn 
SeTLhold I voltage of the ^elected -'^^y^^* 
nroiramminfi of the other cells on the same word line. Dunne 
programming f w word-line VOltaft* will be 

S2 PS »d • Kicb field (about ^/ 

emi will npc~*r acro» the thia S =« °**°> \ fC8 "5; 
de«ro« ca^Wcl to the flantbu} *ro«* the t^n 

threshold volt^ to incr^c The gaw darurb al • 
given Ld * proportional to Che ^ 

L enhanced by the hole trapping in the o«de. Therefore 8 atc 
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Mt> 3. Thrwhujd voltage toxoa. *t**ir-% tfjt» durum Clash erasure (solid) 
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££PROM-*ype emiure fa due to (tie higher applied fieW *e OKic*. 
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Fi£. 4. TTvrcilioM'Vollige ihitia CATC - V, - K (hrTftrt disturb}! duriftt 
gate disturb ifttr die ecUa having been eycSed 20 time*, using flash (O) and 
EEPROM 00 erasore. Tie cells were. erased to a K of I V before gate 
dlsrurb meMUremenv. 

generated and trapped in the oxide by .the F-N tunneling 
electrons are; I&aignifieajit in contributing to gate diatMrh. 
However, the gate disturb after the flash erasure is significant. 
These data strongly support a rhodel of external hot-hole 
injeedon and hole trapping in the oxide during the flash 
erasure. 

In flintmuy, v/e havn demonstrated that the hot-electron 
programming efficiency of the flash cell is degraded after 
erasure from the drain. Degradation in prograratrwibility has 
been sbown to be caused by trapped holes in Uic site oxide 
at the drain junction. By comparing the Hash erasure to 
EEPROM-rype erasure, it has been determined that these 
trapped holes are externally injected 'from the junction 



depletion region. Furthermore, the trapped holes in the gate ■ 
oxide will lead to gata disturb. Therefore, in a properly 
designed flash structure, it is essential that hot-holt injection is 
minimized. ' 
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